The purpose of this study was to determine the effect of formalin fixation on the immunohistochemical detection of porcine reproductive and respiratory syndrome (PRRS) viral antigen in lungs of experimentally and naturally infected pigs. In separate trials, five 24-day-old pigs and six 10-day-old pigs were housed as separate groups in isolation and inoculated intranasally with 10 5.5 TCID 50 of an isolate of PRRS virus (PRRSV; P129). The older and younger pigs were euthanatized at 7 and 10 days post inoculation (dpi), respectively. At necropsy, all pigs had gross and microscopic lung lesions typical of PRRS, and PRRSV was isolated from all pigs. To insure uniform fixation, lungs from each pig were cut into 1-cm-thick slices and immersed into 10% neutral-buffered formalin. After fixation in formalin for 8 hours or 1, 2, 3, 5, 6, 8, 10, and 15 days, 3 lung sections from some or all pigs were processed for histological examination using routine methods. Immunohistochemical staining for PRRSV antigen was positive at the following times (days unless otherwise stated) after fixation (percentage of pigs staining positive for PRRSV in parentheses): 8 hours (100); 1 (100); 2 (100); 3 (80); 5 (33); and 6, 8, 10, and 15 (0-all negative). To further evaluate the effects of formalin fixation on PRRSV immunodetection, 31 field cases of PRRS were selected for immunohistochemistry (IHC). Over a 3month period, submitted cases were selected from the Purdue University Animal Disease Diagnostic Laboratory, W. Lafayette, Indiana, for IHC if 1) the clinical history included respiratory disease, 2) PRRSV was isolated from lung and/or serum from the submitted pigs or tissues, 3) at least 1 section of lung fixed in 10% neutralbuffered formalin was submitted for IHC, and 4) the duration of fixation could be accurately determined from the case history. Of the 31 PRRSV-infected pig cases meeting the selection criteria, 23 were fixed in formalin for 4 days or less. Twenty-one of these 23 (91%) were positive by IHC. Two of 8 cases fixed for greater than 4 days (25%) were positive by IHC. In practical terms, 1-day shipping of fixed samples to a laboratory followed by routine tissue processing within a laboratory should not adversely affect immunohistochemical detection of PRRS viral antigen. But a delay in shipping or processing of more than 2 days could reduce or prevent the detection of PRRS viral antigen by IHC.
Immunohistochemistry (IHC) is a useful tool for antigen detection in tissues and has been used in veterinary diagnostic laboratories to detect many pathogens including porcine reproductive and respiratory syndrome virus (PRRSV). Porcine reproductive and respiratory syndrome virus causes respiratory disease and ill thrift in young pigs and usually induces widely disseminated microscopic lesions of interstitial pneumonia. 11 Immunohistochemistry detection of PRRSV antigen in pig lungs is often successful because maximal pulmonary viral load occurs between 5 and 14 days after inoculation, when pigs are clinically ill and most likely to be submitted for necropsy. 3, 11 Although IHC for PRRSV is considered very specific (approaching 100%), sensitivity has been reported to range from 40% to Ͼ95%. 7, 13 Many factors, including the region of lung selected for IHC, numbers of lung sections processed for IHC, and tissue fixation, can affect sensitivity 7 fixative than glutaraldehyde or a formalin substitute for immunohistochemical detection of PRRSV antigen. 5 Formalin has been successfully used to fix tissues for detection of PRRSV antigen using several immunohistochemical techniques. 5, 6, 9, 12, 14 Formalin fixation results in a cross-linking of reactive sites on tissue proteins, and overfixation can render some epitopes inaccessible to immunoreagents, substantially decreasing the sensitivity of an immunohistochemical test. 4, 10, 15 Formalin-induced antigen linking can sometimes be reversed with tissue antigen retrieval techniques. 17 In other cases, the cross-linking appears irreversible. 5 The effect of formalin fixation on the detection of PRRSV antigen has not been thoroughly examined. Brief fixation of lung tissue usually results in excellent immunohistochemical detection of PRRSV antigen. In 1 experiment, 90% of PRRSV-infected pig lungs fixed in formalin for less than 2 days were positive by IHC. 1 Longer fixation times, however, may lead to decreased PRRSV detection. In a pilot study in which PRRSV-infected tissues were fixed in formalin for 10 days, all PRRSV immunostaining was lost (Van Alstine, unpublished data). In another experiment, fixation in formalin for 1-7 days resulted in immunohistochemical detection of PRRSV antigen in only 56%-88% of PRRS-infected pigs. 7 In an experiment in which fixation time was not addressed, PRRSV was detected by IHC in only 40% of lungs of PRRSV-positive pigs euthanatized 5 and 10 days post inoculation (dpi). 13 In a ret- rospective study of PRRS field cases in which fixation time could not be controlled, lungs with lesions typical of PRRS had detectable PRRSV antigen in only 74% of the cases. 8 These studies suggest that short-term fixation will not hinder PRRSV detection in diagnostic cases, but fixation of longer duration could have a negative impact on PRRSV antigen detection leading to false negative results. The purpose of this study was to determine the effect of formalin-fixation time on IHC detection of PRRSV antigen in lungs of experimentally inoculated and naturally infected pigs from confirmed field cases of PRRS submitted as diagnostic cases in which fixation time could be accurately determined.
Five 24-day-old pigs in experimental inoculation 1 (numbered 1-5 in Table 1 ) and six 10-day-old pigs in experimental inoculation 2 (numbered 6-11 in Table 1 ) were housed as separate groups in isolation rooms at the Purdue University School of Veterinary Medicine, W. Lafayette, Indiana. The pigs were inoculated intranasally with 10 5.5 TCID 50 of an isolate of PRRSV (P129). The older and younger pigs were euthanatized at 7 and 10 dpi, respectively. At necropsy, serum from all pigs and lungs from older pigs were collected for virus isolation using previously described techniques. 16 To insure uniform fixation, lungs from each pig were cut into 1-cm-thick slices and immersed in 10% neutral-buffered formalin. After fixation in formalin for 8 hours or 1, 2, 3, 5, 6, 8, 10, and 15 days, lungs from some or all pigs (see Table  1 for details) were processed for histological examination using routine methods. A standard 1.5 cm ϫ 2.0 cm section of lung from the right middle, left middle, and the cranial part of the right caudal lobe from each pig were processed together on the same slide. Lungs were cut at 5-m thickness, mounted on Superfrost plus slides, a and stained with hematoxylin and eosin or left unstained for IHC.
To further evaluate the effects of formalin fixation on PRRSV immunodetection, 31 field cases of PRRS were selected for IHC. Over a 3-month period, cases were selected for IHC if the clinical history included respiratory symptoms and PRRSV was isolated from lung and/or serum from the submitted pigs or tissues. Also, at least 1 section of lung fixed in 10% neutral-buffered formalin was needed for IHC, and the duration of fixation had to be accurately determinable from the case history.
Immunohistochemistry was performed using a previously described technique. 2 All steps were completed in a moist tabletop chamber at room temperature unless otherwise specified. Briefly, dry, paraffin-embedded lung sections on slides were deparaffinized in xylene, quenched with 3% hydrogen peroxide in methanol, rehydrated in graded alcohols, digested with 0.0025% protease XXIV, b and blocked with 5% normal horse serum. Slides were then incubated overnight at 4 C with primary antibody SDOW 17 diluted 1:100, washed in phosphate-buffered saline, and covered with secondary antibody (biotinylated horse anti-mouse IgG diluted 1:200 in buffered saline) for 30 minutes. After washing, color was developed with a 2-step ABC kit d using chromogen AEC-peroxide (7% aminoethylcarbazole/N,N-dimethylformamide and 0.03% hydrogen peroxide in 0.1 M acetate buffer, pH 5.2) d according to manufacturers' directions. Lung sections were counterstained with Mayer's hematoxylin, rinsed, and coverslipped using an aqueous mounting material. Controls for each immunohistochemical procedure involved known PRRSV-positive and -negative pig lungs with primary antibody replaced with saline. Slides were read blindly (without knowledge of source) and interpreted as positive if any 1 of the 3 lung sections for each pig contained at least 1 macrophage with bright red intracytoplasmic staining (Fig. 1) .
The results of the experimental inoculation are summarized in Table 1 . In experimentally inoculated pigs, clinical illness progressed as expected in all pigs with lethargy, elevated rectal temperatures, and labored breathing by 5 dpi. At necropsy, all pigs had gray, noncollapsing lungs and microscopic lesions of diffuse interstitial pneumonia typical of PRRS. 3 Porcine reproductive and respiratory syndrome virus was isolated from serum of all inoculated pigs. Porcine reproductive and respiratory syndrome virus was also isolated from the lungs of the older pigs (pigs 1-5), with each pig having Ն10 4 TCID 50 of PRRSV/gram of lung tissue. Immunohistochemical staining for PRRSV antigen was positive at the following times (days unless otherwise stated) after fixation (percentage of pigs staining positive for PRRSV in Field cases/total* 9/9 1/1 9/10 2/3 0/1 1/1 0/1 0/1 1/2 0/2 * (Number of field cases with IHC-positive PRRSV antigen in lung)/(Total number of cases positive by virus isolation at that same time interval). parentheses): 8 hours (100); 1 (100); 2 (100); 3 (80); 5 (33); and 6, 8, 10, and 15 (0-all negative).
The results of the immunohistochemical staining of PRRSV-positive lungs from field cases are summarized in Table 2 . Of the 31 PRRSV-infected pig cases meeting the selection criteria, 23 were fixed in formalin for 4 days or less. Twenty-one of these 23 (91%) were positive by IHC. Eight cases were fixed for more than 4 days, and 2 (25%) were positive by IHC.
Under the experimental conditions used in this study, formalin fixation for more than 2 days reduced the immunohistochemical detection of PRRSV antigen in PRRSV-infected lungs. A profound reduction in detection occurred after 3 days of fixation. The field cases presented here reflected the same profound reduction in immunodetection of PRRSV antigen after 4 days. Immunohistochemical techniques vary among the veterinary diagnostic laboratories. The duration of formalin fixation could have a different effect on IHC detection of PRRSV antigen using different IHC protocols from the one used in this study. For example, PRRSV antigen could not be detected by IHC after 6 and 8 days fixation in our study but was reported to provide adequate IHC staining for PRRSV antigen after 7 days of fixation in another study. 12 Each laboratory should know the limits of its own tests and determine whether formalin fixation can affect its specific IHC protocols. Similarly, researchers should know the limitations of their own IHC procedures and report the method and duration of fixation when reporting results. In practical terms, 1-day shipping of tissues from a referring veterinarian and routine processing of fixed tissues for histopathology should not adversely affect IHC for PRRSV. But a delay in shipping or processing of more than 48 hours could reduce or eliminate detection of PRRSV antigen by IHC or may require additional antigen unmasking techniques for successful antigen detection.
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